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() jectites . This study was conducted to determine whether
severe exeretse-induced isclsmiaa identifies high risk patients with
a normal left ventricular ejection fraction and one- or two . vessel
coronary artery disease .
Bank
ma.rd. Severe isehernia during exercise radionuclide
angiography has been shown to identify high risk patients among
certain other patient subsets .
Methods. Four hundred twenty patients with left ventricular
ejection fraction 750% and one- or two-vessel disease underwent
exercise radionuclide angiography within 3 months of coronary
ant iography. Patients were treated inks ly with revascularixation
(n = 140) or medical therapy (n = 280) at the discretion of their
physicians. patients treated with revascularization were more
likely to have angina by history, a positive exercise electrocardio-
gram, a lower exercise ejection fraction, two-vessel disease and
proximal left anterior descending coronary artery disease . Two
hundred sixty-four of the 280 patients given medical therapy who
had complete follow-up data formed the study group. Outcome
was compared between patients with (a = 56) and without (a =
The value of exercise testing for prognostic purposes has
clearly been proven in patients with coronary artery disease
(3) . Exercise testing can further refine risk stratification
when catheterization variables are known (2-11) . Severe
ischemia during exercise equilibrium radionuclide angiogra-
phy has been shown to identify high risk patients in two
different anatomically defined subgroups : those with normal
left ventricular function and three-vessel disease (6) and
those with impaired left ventricular function and one- or
two-vessel disease (7,8) . Limited available data suggest that
standard exercise electrocardiography does not significantly
further enhance risk stratification for patients with normal
left ventricular function and one- or two-vessel disease
(5,12). The purpose of this study was to determine whether
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208) severe exercise-induced ischemia, defined by previously pub-
lished criteria (work load x600 kg-athrtin, ST segment depression
I mm and decrease in ejection fraction with exercise) .
Results.
During follow-up, there were 30 initial cardiac events
(12 cardiac deaths and 18 nuttfatal myocardial hifaretiorts) . There
was no difference in the 5-year event-free survival rate ; 91% in
patients with and 87% in patients without severe isehemia (p =
0.89) . There was no association between event-free survival and
severe ischemia (X2 = 1.41, p = 0 .24) . The study had approxi-
niatety 80% power at a = 0 .05 to detect a 25% decrease in
event-free survival in the group with severe isehemia. In addition,
there was no association between severe ischentia and outcome if
sate revascularization was included as an event or if the total
mortality rate (overall survival) was analyzed .
Conclusions . Severe exercise-induced ischemia fails to identify
a high risk subgroup an map patients with normal left ventricular
function and one- or two-vessel disease who are treated initially
with medical therapy .
(J Am Coll Cardiol 199¢,°23 :219-24)
medically treated patients with a normal left ventricular
ejection fraction and one- or two-vessel coronary artery
disease who manifest severe ischemia during exercise radio-
nuclide angiography are at high risk .
Methods
Study patients. Patients were eligible for this study if they
underwent exercise radionuclide angiography and coronary
angiography within a 3-month period at the Mayo Clinic
between July 1981 and December 1985 . Inclusion criteria
included : 1) Rest radionuclide left ventricular ejection frac-
tion 750%; 2) one- or two-vessel coronary artery disease as
defined by the Coronary Artery Surgery Study (13) ; 3) no
significant left main artery stenosis (?50% diameter narrow-
ing); 4) no prior history of bypass surgery or coronary
angioplasty ; 5) no evidence of clinically significant valvular
heart disease ; 6) absence of left bundle branch block or
paced ventricular rhythm on the electrocardiogram (ECG) ;
and 7) initial medical treatment .
0735-10971941$6 .00
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Four hundred twenty patients fulfilled the first six crite-
ria.
Sixty-nine percent of these patients underwent exercise
radionuclide angiography before coronary angiography . Se-
lection of therapy was at the discretion of the physicians
caring for the patients . One hundred forty patients were
treated initially (within
t month of coronary angiography)
with bypass surgery or coronary angioplasty and were
therefore excluded from the study group . Of the remaining
280 patients initially given medical therapy, 16 were lost to
follow-up. The study group thus consisted of the 264 patients
(201 men, 63 women ; mean age 59 years) who had complete
follow-up data . There was a history of cigarette smoking in
t54 patients, diabetes in 33, hypertension (by history or
blood pressure > 140190 mm Hg) in 1 I 1 and hypercholester-
olemia (by history or recent cholesterol value >250 mg/dl) in
83. One hundred eleven patients had a history of prior
myocardial infarction . The number of patients with one-
vessel disease (n = 142) and two-vessel disease (n = 122)
was approximately equal. At the time of exercise testing, 183
patients were taking one or more antianginal medications,
including long-acting nitrates in 95 patients, calcium channel
blocking agents in 76 and beta-adrenergic blocking agents in
122.
Gated equilibrium exercise radionuclide angiography .
Specific details of this technique have been reported previ-
ously (14,15) . In brief, patients performed graded supine
cycle ergometry, generally in 300 kg-mlmin increments ev-
ery 3 min, to end points of marked fatigue, moderate angina,
92-mm ST segment depression or significant arrhythmias .
Three ECG leads were monitored continuously, and a 12-
lead ECG was obtained every minute . The ECG was positive
if there was >1-mm horizontal or downsloping ST segment
depression 0.08 s after the J point .
Each patient's red blood cells were labeled with 30 mCi of
technetium-99m (16,17) . Images were acquired at rest in
multiple views and during exercise in the left anterior
oblique view. Ejection fraction was determined as previ-
ously reported (14,15) .
Definition of severe exercise-induced ischemia. Severe
ischemia during exercise radionuclide angiography was
defined as the following triad : 1) peak exercise work load
K600 kg-mlmin, 2) exercise ECG Z1 mm ST segment
depression, and 3) decrease in left ventricular ejection frac-
tion with exercise . All three variables had to be present to
meet tie definition of severe ischemia . These criteria were
first shown by Bonow et al . (6) to identify high risk patients
with normal left ventricular function and three-vessel dis-
ease. We subsequently showed that these same criteria
could identify high risk patients with impaired left ventricu-
lar function and one- or two-vessel disease (8) . The goal of
this study was to apply these criteria to the current study
patients without knowledge of follow-up results, rather than
retrospectively attempt to fit different exercise variables for
the outcome results .
Coronary arteriography. Selective coronary arteriogra-
phy was performed in multiple projections and interpreted
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subjectively according to Coronary Artery Surgery Study
criteria (13) by two experienced observers .
Follow-up. Chart review or mail or telephone contact
with patients or their physicians was performed to assess
outcome. Significant cardiac events were defined as cardiac
death and myocardial infarction . Other events that were
recorded included noncardiac death and coronary angio-
plasty or bypass surgery . Hospital records and death certif-
icates were obtained and reviewed to ascertain the accuracy
of events . The median follow-up duration was 63 months
(range 2 to 105) .
Statistical analysis. The primary analysis examined sur-
vival free of significant cardiac events (cardiac death or
myocardial infarction) using the Kaplan-Meier method (18) .
Patients with noncardiac death and coronary angioplasty or
bypass surgery were censored at the time of these events .
The survival curves for the two patient groups (those with
and without severe exercise ischemia) were compared using
the log-rank statistic (19), A Cox stepwise prnnnrlional
hazards regression analysis (20) was used to determine
whether severe exercise ischemia was associated with event-
free survival after adjusting for several other previously
demonstrated prognostically important variables (age, gen-
der, rest left ventricular ejection fraction and number of
diseased vessels) .
Three secondary analyses were also performed . 1) As
reported in other studies (10,11,21), late r(vascularization
(coronary angioplasty or bypass surgery >3 months after the
exercise study) was included as a subsequent cardiac event .
2) Death from any cause was considered as the only end
point. For this analysis patients were followed up until death
or time of most recent contact . Patients were censored
in this analysis only if they were alive at last follow-up .
3) Because some studies (9,22,23) have shown that exercise
ejection fraction is a more powerful predictor of events than
the change between rest and exercise ejection fraction,
exercise ejection fraction was analyzed for its association
with outcome.
For all analyses, a p value < 0 .05 was considered
significant .
Results
Comparison of patients treated with revasculac tion ver-
sus medical therapy . Table I compares the clinical charac-
teristics, coronary anatomy and exercise performance of the
140 patients treated initially with bypass surgery or coronary
angioplasty with those of the 280 patients initially given
medical therapy . Patients treated with revascularization
were more likely to have typical angina, two-vessel disease,
proximal left anterior descending coronary artery stenosis,
positive findings on the exercise ECG, lower exercise ejec-
tion fraction and a larger decrease between rest and exercise
ejection fraction. A total of 63% of patients with proximal
left anterior descending coronary artery disease underwent
revascularization. Fifty-nine (21%) of the 280 medically
JACC Vol . 23, No . I
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Table t
. Comparison of Patients Who Received Initial Revascularization With All Medically Treated Patients and with Medically Treated
Patients Who Had Severe Ischernia
treated patients had severe ischemiaa during exercise radio-
nuclide angiography. Table 1 also compares these patients with
those referred for revascularization . Patients treated with re-
vascularization were younger and more likely to be male, to
have angina and to have proximal left anterior descending
coronary artery disease . Exercise performance was worse in
the medically treated patients with severe ischemia as reflected
by lower work load, lower exercise ejection fraction, greater
decrease between rest and exercise ejection fraction and a
higher percent of patients with positive ECG findings .
Comparison of medically treated patients with and without
severe exercise ischemia . Table 2 compares the clinical char-
acteristics, coronary anatomy and exercise performance in
patients with (n = 56) and without (n = 208) severe exercise
ischemia among the 264 medically treated patients with
complete follow-up data who formed the study group . Pa-
tients with severe ischemia were more likely to be older and
female and were less likely to have been prescribed beta-
blockers. Patients with severe ischemia were also more
likely to have a lower exercise work load, a higher exercise
rate-pressure product, positive exercise ECG findings, a
lower exercise ejection fraction and a larger decrease be-
tween rest and exercise ejection fraction .
Follow-up data (primary analysis) . Subsequent events in
patients with and without severe ischemia are shown in
Table 3. There were 30 initial cardiac events : 12 cardiac
deaths and 18 nonfatal myocardial infarctions . Survival
MILLER ET AL.
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*Refers to the odds of being in the revascularization versos meFcal
woos,
rRrfcrs to the odds of
being in the revasculanzation versus medical severe ischemia
group
. Differences in median work load and mean I LVEF between groups may reflect that these variables were used to define severe ischemia
. The odds ratio
for the percent of patients with positive electrocardiographic (ECO) findings could not be estimated because by definition 100% of patients in the medical severe
ischemia group had positive ECO findings
. ;Odds ratio per 10-year increase for age
. §Refers to the presence or absence of angina by clinical history at the time
of exercise testing . (Defined according to Coronary Artery Surgery Study criteria
. ¶Odds ratio per 100 kg- m/min increase in work load
. "Odds ratio per 1,000-U
increase in rate-pressure product (RPP) . ttp < 0.05 .
# p < 0.01 . Numbers refer to number of patients unless otherwise specified, except for rate-pressure
product, which is expressed as a dimensionless number
. The odds ratios were estimated using the coefficients from a logistic regression analysis, which was used
to assess the association between groups and the clinical, anatomic and exercise variables . A = change
; LAD = left anterior descending coronary artery ;
LVEF = left ventricular ejection fraction ; Ml = myocardial infarction
; NE = could not be estimated,
curves free of cardiac death and myocardial infarction are
shown in Figure 1 . There was no difference in the 5-year
event-free survival rate for patients with (91%) versus those
without (87%) severe ischemia (p = 0 .89). Given the sample
sizes and the observed event-free survival rate in the group
without severe ischemia, there was approximately 80%
power at a = 0.05 to detect a 25% decrease in event-free
survival in the group with severe ischemia (5-year event-free
survival rate 87% in the group withom severe ischemia vs .
62% in the group with severe ischemia). A Cox proportional
hazards regression analysis adjusting for prognostically im-
portant baseline variables (age, gender, rest left ventricular
ejection fraction and number of diseased vessels) failed to
detect an association between even'-free survival and the
presence or absence of severe ischemia (J = 1 .41, p
0.24) .
Follow-up data (secondary analyses) . Forty-seven pa-
tients underwent late revascularization procedures (Table 3) .
The rate of 5-year survival free of cardiac death, myocardial
infarction and late revascularization was no different for
patients with severe ischemia (69%) versus those without
severe ischemia (74%) (p = 0.16) .
There were a total of 23 deaths during the study (Table 3) .
In addition to the 12 patients who died of initial cardiac
causes, another 7 died of noncardiac causes (three from
stroke, three from cancer and one from pneumonia) without
any intervening cardiac event . All seven patients were in the
Variable
RevasculaHzation
(1) = 140)
-
Medical All
to = 280"1
Odds
Ratio"
Medical Severe
Ischemia
(1 = 59)
Odds
Ratio I
Clinical
Mean age (yr)+,
58 59 0.93 63 0.56tt
Men 109 (78) 212 (76) 1 .12 37,(63) 2.10#
Prior MI
53 (36) 113(42) 0 .84 20(34) 1 .19
Anginal 104 (74) 159 (57)
31(52) 2 .61 tt
Beta-blockers 63(49) 129 (46)
20(34) 1 .84
Coronary anatomyll
Two-vessel disease 78(56) 127 (43) 1 .52# 33 k56) 1 .00
Proximal LAD 54 (39)
31 (10 jott 90, 3JUt
Exercise remits
Median exercise work load (kg-VatU 6130 600 0.97 500 1 . 181 t
Median exercise RP9" 11 19,800 19,600 1 .00 21,600 0.94#
Positive ECO
65 (6) 127 RM 1,65tt 59(100) NE
Mean rest LVEF (% :t SE) 62 t 1% 60 :t 1% 1 .02 62 ± 1% 1 .00
Mean exercise LVEF (% ± SE) 55 EIT 55 ± l sic 0 .98# 51 ± 1% 1 .03#
Mean A (exercise - rest) LVEP t% t SE) -6 1% -2±1% 0-95ff -10 :t 1% 1-06"
222
MILLER ET AL
.
SEVERE ISCHEMIA IN ONE- OR TWO-VESSEL DISEASE
Table 2. Clinical Characteristics, Coronary Anatomy and Exercise Radionuclide Angiography in
the 264 Study Patients
*Odds ratio refers to the odds of being in the severe ischemia group. Differences in median exercise work load
and mean change in left ventricular ejection fraction (LVEF) between groups were
expected because these variables
were used to define severe ischemia. The odds ratio for percent of patients with
a positive exercise electrocardiogram
(ECG) could not be estimated because by definition 100% of patients with severe ischemia had a positive exercise
ECG. Data are expressed as number (%) of patients unless otherwise specified . Abbreviations and definitions as in
Table 1 .
group without severe ischemia. Four more pa dents died
after an intervening myocardial infarction or revasculariza-
tion procedure : one of cardiac; causes in th ,. group with
severe ischemia and one of noncaldiac It~fital failure) and
two of cardiac causes in the group without severe ischemia .
The 5-year overall survival rate was 96% in patients with
severe ischemia versus 92% in patients without severe
ischemia (p = 0 .95). An analysis using cardiac death alone as
an end point (censoring patients who underwent revascular-
ization) also showed no difference in the 5-year survival rate:
93% in those with versus 96% in those without severe
ischemia (p = 0 .17) .
Table 3. Events During Follow-Up
*Initial refers to first event after exercise
study
; subsequent refers to event
after intervening myocardial
infarction or revascularization
procedure. tBy-
pass surgery or coronary angioplasty
E3 months (early) or >3 months (late)
after exercise study
. MI = myocardial
infarction.
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The median exercise ejection fraction was 58% (range
28% to 89%). A Cox stepwise proportional hazards analysis
failed to detect an association between exercise ejection
fraction and all-cause mortality (,~ < 1 .0, p = NS) or
subsequent cardiac events, whether late revascularization
was excluded (~' = 1 .15, p = 0 .28) or included (x2 < 1 .0,
p = NS) as an event .
Discussion
The major prognostic determinants in patients with cor-
onary artery disease are global left ventricular function and
Figure 1 . Survival free of cardiac death or nonfatal myocardial
infarction in patients with and without severe ischemia, The num •
bers at bottom indicate the number of patients available for analysis
at each follow-up time point.
100
Severe inchemia
	
No severe ischemia
Variable
Severe Ischemia
(n = 56)
No Severe
Ischemia
(n = 208)
Odds
Ratio*
p
Value
Clinical
Mean age (yr) 63 58 1 .78 < 0 .01
Men 36(64) 165(79) 0 .47 0 .02
Prior MI 19134) 92(44) 0 .65 NS
Typical angina 30(54) 120(58) 0 .85 NS
Beta-blockers 18(32) 111400) 0 .47 0 .02
Coronary anatomy
Two-vessel disease 31 (55)
91(4 4)
1 .59
NS
Proximal LAD disease 804) 21 (10) 1 .48 NS
Exercise results
Median exercise work load (kg-mlmin) 500 600 0.79 < 0.01
Median exercise RPP 21,700 18,400 1 .07
0.01
Positive ECG 56(100) 65(45)
NE
Mean rest LVEF (% ± SE) 62 ± 1% 60 ± 1 t 1 .03
NS
Mean exercise LVEF (% ± SE) 52
±
.1% 60 ± 1% 0.92 < 0
.01
Mean A (exercise - rest) LVEF (% ± -10 ± 1% 0 ± 1% 0.86 < 0.01
SE)
Severe Ischemia
(n = 56)
No Severe Ischemia
(n = 208)
Initial events*
Cardiac death
5 7
Nonfatal MI
1
17
Early revascularizaliont
5
8
Late revascularizationt
14
33
Noncardiac death
0 7
Subsequent deaths'
Cardiac I 2
Noncardiac
0
I
Total deaths
6
17
r e i e
1 2
3
4
No severe 209
185 171
Yea,s
162
130 50
lscher a
Severe ischemia
56 46 41
37 33 23
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the anatomic extent of coronary artery disease (24-27) .
Exercise testing has been shown in several studies (2-11) to
further enhance risk stratification, even when ejection frac-
tion and coronary anatomy are known . The results from this
study do not challenge the findings of these earlier studies,
but do show that severe exercise ischemia fails to imply an
increased risk for a single anatomic subgroup, namely,
patients with normal left ventricular function and one- or
two-vessel coronary artery disease .
Studies ev&1U_-tLqg outcome in patients with normal left
ventricular function and one- or two-vessel coronary artery
disease. For patients with one-vessel disease, 4- or 5-year
survival rates were 94% to 96% in the Duke databank (28)
and Coronary Artery Surgery Study randomized trial (29)
and registry (27) . Survival free of myocardial infarction was
87% to 897o (28,29). For patients with two-vessel disease,
the 4- or 5-year survival rates were 92% to 97% in these
studies (27-29) and 91% in the European Coronary Surgery
Study (2) . The survival rate free of myocardial infarction was
75% to 90% (28,29) . Thus, medically treated patients with
normal left ventricular function and one- or two-vessel
disease in general have a favorable prognosis, and bypass
surgery has not been shown to improve outcome. In the
European Coronary Surgery Study (2). the subgroup of
patients with two-vessel disease, including a stenosis of the
proximal left anterior descending coronary artery, did have a
better survival rate with bypass surgery . However, in the
Coronary Artery Surgery Study registry (30), patients with
two-vessel disease even with proximal stenoses in both
vessels and Canadian Cardiovascular Society functional
class III or IV angina had similar survival rates with medical
therapy and bypass surgery if they had normal left ventric-
ular function. There are no randomized data comparing
medical therapy to coronary angioplasty .
Studies using exercise to refine risk stratification in ana-
tomically defined subgroups of patients with coronary artery
disease . The ability of exercise testing to further refine risk
stratification in anatomically defined subgroups of patients
has been shown primarily for patients with reduced left
ventricular function (4,5,7,8) and patients with normal or
near normal left ventricular function and three-vessel dis-
ease (2-6,12,31). These studies have shown that severe
exercise ischemia, defined as ST segment depression at a
low work load (and a decrease in ejection fraction in those
studies employing radionuclide angiography), identified pa-
tients at high risk for future cardiac events .
Few studies have examined the utility of exercise testing
for risk stratification in patients with normal left ventricular
function and one- or two-vessel coronary artery disease .
Gohlke et al. (5) showed that exercise cardiac output (an
invasively determined variable) identified high and low risk
subgroups of patients with either one- or two-vessel dis-
ease. Among noninvasive exercise variables, however, only
angina-free exercise tolerance was significantly associated
with better survival by a Cox multivariate regression analy-
sis for patients with normal left ventricular function and
MILLER ET AL .
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two-vessel disease . For patients with normal left ventricular
function and one-vessel disease, no noninvasive exercise vari-
able was associated with outcome . Kent et al . (12) reported
that exercise capacity during cycle ergometry could separate
asymptomatic or minimally symptomatic patients with three-
vessel disease into high and low risk subgroups but failed to
do so for patients with one- or two-vessel disease .
The likely reason that exercise testing fails to identify
high risk patients with normal ventricular function and one-
or two-vessel disease is that this anatomic subset of patients
has a low event rate . For a group of patients whose progno-
sis is very favorable, it is unlikely that any test will have
strong enough predictive capabilities to identify the high risk
patients among the group
. Exercise testing can identify high
risk patients among those with impaired left ventricular
function or three-vessel disease because these anatomic
subsets of patients have higher event rates .
Limitations. The major limitation of this study relates to
the fact that it was not a randomized controlled study. There
were baseline differences regarding demographic variables,
risk factors and medication usage between patients with and
without severe ischemia that may have affected exercise
performance and outcome (Table 2) . Additionally, patients
were selected for medical therapy, bypass surgery or coro-
nary angioplasty at the discretion of their physicians . One
hundred forty patients met the same criteria as the patients
in this study, except they were treated with revasculariza-
fion and therefore not included in the study group (Table 1) .
To determine whether clinicians were selecting an intrinsi-
cally higher risk group of patients for revascularization,
resulting in a group of medically treated patients who might
be at low risk even with severe ischemia, the characteristics
of patients treated with revascularization were compared
with those of the medically treated patients with severe
ischemia A& 1) . More of the patients selected for revas-
cularization had angina and proximal left anterior descend-
ing disease, but the medically treated patients with severe
ischemia actually had worse exercise performance, suggest-
ing that the referral of some patients for early revasculariza-
tion did not remove those patients with the poorest exercise
performance (which presumably would place them at higher
risk) from the study group .
Implications. These findings have important implications
for the treatment of patients with normal left ventricular
function and one- or two-vessel coronary artery disease
. The
American College of Cardiology/American Heart Associa-
tion Task Force report (32) on guidelines for coronary
angioplasty recommends angioplasty for patients with either
single-vessel or multivessel coronary artery disease if there
is evidence of severe myocardial ischemia during exercise
testing . Previous studies (2-9,12,31) partially support this
concept because patients with impaired left ventricular func-
tion or three-vessel disease who have severe exercise-
induced ischemia are at increased risk
. Although it might
appear logical that severe exercise-induced ischemia would
also identify patients with normal left ventricular function
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and one- or two-vessel coronary artery disease at increased
risk, the results of the present study indicate that this is not
the case, at least in a group of patients without a high
prevalence of disease of the proximal left anterior descend-
ing coronary artery. This study suggests that the prognosis
of such patients is excellent and that the major indication for
revascularization in these patients ought to be the aleviption
of symptoms rather than the possible improvement of prog-
nosis .
We thank Lisa VandeWalker far secretarial preparation of the manuscript,
Tammy Hudson for assistance with obtaining follow-up data and
David
Hodge
for assistance with data analysis .
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